Putative paleolakes in Martian impact craters have been discussed as valuable targets for exploration [1] and suggested as landing sites for in situ and sample-return missions as they represent environments capable of preserving evidence of biomarkers. Here we investigate CRISM observations of putative paleolakes on Mars to evaluate the evidence for the presence of mineral spectral signatures indicative of the past presence of water at these sites.
Results: Figure 1 shows the CRISM observations for Lq and Ck super imposed on simultaneous HiRISE [18] images. Average spectra of Lq and Ck with strong OL2 values [19] are shown in Figure 2a and can be compared ( Fig. 2b) to reflectance spectra of olivines, low (LCP) and high (HCP) calcium pyroxenes. The minima near 1-, and 2.0-2.5 µm in the spectra are consistent with HCP and the different minimum positions in the 2-2.5 µm region suggests different HCP compositions. The 1 µm minimum width suggests a contribution from olivine, but the abundance and/or composition in Lq differs from Ck.
Average spectra of Lq and Ck with strong values of D2300 are shown in Figure 2c and can be compared to laboratory spectra of phyllosilicates ( Fig. 2d ). The Lq spectra exhibit minima, near 1.92 and 2.32 µm ( Fig. 2c , vertical dotted line) and the Ck spectra exhibit minima near 1.92 and 2.305 µm ( Fig. 2c , vertical solid line). The former is attributed to molecular water and the latter to hydroxyl in mineral structures [20] . The minima positions from Lq and Ck are consistent with the laboratory saponite and pyrophyllite-talc spectra, respectively, although a mixture of the minerals can not be precluded. The CRISM spectra suggest the presence of secondary minerals (Mg-phyllosilicates) in both craters mixed with a primary ferrous-bearing component (HCP and/or olivine). Using crater statistics, the age of Lq is 2.93± 0.32/0.62 Ga and for the external ejecta, a resurfacing event occurred with an age of 245±48 Ma (Fig 3a,b) .
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Ck crater statistics gives an age of 3.79±0.09/0.27 Ga and displays a clear resurfacing at 3.37±0.08/0.14 Ga of the basin floor fill (Fig 3e) . The surface to the NW of Ck has an age of 3.4±0.06/0.10 Ga (Fig 3c) . This nearly contemporaneous age suggests that the eroded surface to the west likely delivered the infilling material seen on Ck's floor between 3.79 and 3.4 Ga.
Discussion: There is significant spatial extent of primary minerals in both craters with restricted spatial extent of secondary minerals. The spatial distribution of secondary minerals is different in the two craters.
At Lq, secondary minerals chiefly occur near the central uplift with limited distribution elsewhere. During the impact, buried, pre-existing sediments can be emplaced in central peaks [21] or dehydrated by transient temperatures [22] [23] . However, the areas with high D2300 values are along ridges, at tops of cone shaped deposits, and are perpendicular to lineaments suggestive of bedding near the central peak. The observed distribution is consistent with alteration due to localized hydrothermal circulation along weak zones induced by the residual heat from the impact [22] [23] . Neither formation scenario requires a standing body of water in Lq. The distribution of minerals within Lq suggests more than one geologic unit and the derived age is inconsistent with previous determination [24], suggesting mapping of this area be revisited.
The age of Ck is consistent with the surrounding unit [24] . The OL2 unit is abundant throughout the floor and the age is consistent with, although its distribution appears to extend closer to the crater wall, when compared to previous mapping [24] . CRISM observations do not reveal a similar unit to the south or north, suggesting the OL2 unit is not of aeolian origin. Supporting this interpretation is the close temporal association with the resurfacing event, documented to the NW (Fig. 3c) , initiated by aqueous activity, whose age is consistent with an event emplacing the crater floor fill (Fig. 3e , green points).
The largest spatial occurrences of the D2300 at Ck are a small external crater and as a layer in the SW basin wall (Fig. 1b) . However, existing data do not reveal whether the phyllosilicates were produced prior or subsequent to the formation of Ck. In either case fluids could have circulated within the layer, and no standing body of water is required. The small crater excavates to the same altitude as the wall layer where spectra suggest similar materials (Fig. 2c) . (a) Cumulative crater frequencies that determine the age for Lq are from the eject blanket (black pts. = base age, red pts.= resurfacing age), and for Ck from the plains to the NW (c) and within Ck (e, black pts.= base age, green pts.= resurfacing age).
